The genus Neptunomonas (Oceanospirillaceae) includes Gram-stain-negative, rod-shaped, oxidase-and catalasepositive bacteria. It was described by Hedlund et al. (1999) and initially included a single species, Neptunomonas naphthovorans, isolated from creosote-contaminated harbour sediment and capable of degrading polycyclic aromatic hydrocarbons. Since then, five other species have been described in the genus, all of them from marine environments. Neptunomonas japonica was isolated from sediment adjacent to sperm whale carcasses (Miyazaki et al., et al., 2014). In this paper, a Neptunomonas-like bacterium, strain SYM1 T , isolated during a study of the diversity of bacteria associated with in vitro cultures of the dinoflagellate Symbiodinium sp., was characterized based on a polyphasic taxonomic approach.
T could be distinguished from its closest relative by several phenotypic characteristics such as NaCl, pH and temperature tolerance, nitrate reduction and utilization of carbon substrates. The major cellular fatty acids were C 16 : 0 , C 18 : 1 v7c and summed feature 3 (comprising C 16 : 1 v7c and/or iso-C 15 : 0 2-OH). The genomic DNA G+C content of strain SYM1
T was 45 mol%. Ubiquinone-8 (Q-8) was the only respiratory quinone detected. Based on a polyphasic taxonomic characterization, strain SYM1 T represents a novel species of the genus Neptunomonas, for which the name Neptunomonas phycophila sp. nov. is proposed. The type strain is SYM1 T (5LMG 28329 T 5CECT 8716 T ).
The genus Neptunomonas (Oceanospirillaceae) includes Gram-stain-negative, rod-shaped, oxidase-and catalasepositive bacteria. It was described by Hedlund et al. (1999) and initially included a single species, Neptunomonas naphthovorans, isolated from creosote-contaminated harbour sediment and capable of degrading polycyclic aromatic hydrocarbons. Since then, five other species have been described in the genus, all of them from marine environments. Neptunomonas japonica was isolated from sediment adjacent to sperm whale carcasses (Miyazaki et al., 2008) , Neptunomonas antarctica from Antarctic marine sediment (Zhang et al., 2010) , Neptunomonas concharum from a dead ark clam , Neptunomonas qingdaonensis from intertidal sand of the Yellow Sea (Liu et al., 2013) and Neptunomonas acidivorans from sediment of the Yellow Sea (Yang et al., 2014) . In this paper, a Neptunomonas-like bacterium, strain SYM1 T , isolated during a study of the diversity of bacteria associated with in vitro cultures of the dinoflagellate Symbiodinium sp., was characterized based on a polyphasic taxonomic approach.
Biofilms of an actively growing internal transcribed spacer 2-type B1 Symbiodinium sp. culture (strain 12; LaJeunesse, 2001) were detached from the culture vessel using a cell scraper (Orange Scientific), transferred to a reaction tube and suspended by repeated pipetting. Aliquots of this homogenate were plated on marine agar (MA) (Difco) and incubated at 25 u C for 2-3 days. Strain SYM1 T was routinely cultured on MA at 30 u C and preserved at 280 uC in marine broth (MB) (Difco) supplemented with 20 % (v/v) glycerol.
The morphology of the colonies and cells was determined after incubation for 2 days on MA at the optimum growth temperature. Gram staining was performed using a Gram stain kit (VWR) according to the manufacturer's instructions. Cell motility was observed on wet mounts under a light microscope (Eclipse 80i; Nikon). Oxidase activity was determined using an Oxidase Test Stick containing tetramethyl-p-phenylenadiamine (Liofilchem) and catalase activity was evaluated using 3 % (w/v) H 2 O 2 . intervals of 1.0 pH unit) was examined in the same medium, with the pH adjusted using 10 mM MES (pH 4-6), 10 mM Tris (pH 7-9) or 10 mM Na 2 HPO 4 (pH 10-11). Growth at various NaCl concentrations [0, 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20 (w/v) ] was examined in medium containing 0.5 % peptone, 0.5 % yeast extract and 0.32 % MgSO 4 . 7H 2 O. Anaerobic growth was confirmed by inoculating cells on thioglycollate medium (Merck) and incubating at 30 u C for 3 days. Hydrolysis of casein, starch and Tween 20 was evaluated on MA supplemented with 1 % skimmed milk, starch and Tween 20, respectively. Acid production was tested using API 50CH test strips (bioMérieux) inoculated with API 50 CHB/E medium (bioMérieux) following the manufacturer's instructions. Other physiological characteristics were determined using API 20NE and API ZYM test strips (bioMérieux) following the manufacturer's instructions. The bacterial cell suspension used to inoculate API test strips was prepared in 4 % (w/v) sea salts (Sigma-Aldrich).
For fatty acid methyl ester analysis, cells were grown on MA at 25 u C for 2-3 days until reaching late-exponential phase (Yang et al., 2014) . Fatty acids were extracted, methylated and analysed according to the standard protocol of the Sherlock Microbial Identification System (MIDI) and peaks were named using the TSBA40 database (Sasser, 1990) . Biomass for quinone analyses was prepared by cultivating the strain in MB at 30 u C for 72 h on a rotary shaker until reaching stationary phase. Cells were harvested by centrifugation and washed with 0.9 % (w/v) NaCl. Quinones were extracted from freeze-dried cells using the two-stage method described by Tindall (1990a, b) , separated by TLC on silica gel and further analysed by HPLC.
The DNA G+C content was determined by HPLC (Mesbah et al., 1989) . DNA was isolated by using a modified version of the procedure of Gevers et al. (2001) and DNA-DNA hybridization analysis was carried out at 53 uC in the presence of 50 % formamide using a modified microplate method (Ezaki et al., 1989; Goris et al., 1998; Cleenwerck et al., 2002) .
For PCR amplification, genomic DNA was extracted with the Genomic DNA Purification kit (Thermo Scientific) according to the manufacturer's instructions. The 16S rRNA gene was amplified and sequenced using primers 27F and 1492R (Lane, 1991) . The PCR product was purified using the DNA Clean & Concentrator-5 kit (Zymo Research) and sequenced at GATC Biotech. Primer 704F was used as an internal sequencing primer. A search against the EzTaxon database (http://www.ezbiocloud.net/eztaxon; Kim et al., 2012) was performed to identify the closest phylogenetic relatives.
Multiple sequence alignments were performed using the CLUSTAL X program (Thompson et al. 1997) . Phylogenetic analyses were carried out with MEGA6 (Tamura et al., 2013) using the neighbour-joining (NJ) (Saitou & Nei, 1987) , maximum-likelihood (ML) (Felsenstein, 1981) and maximum-parsimony (MP) (Fitch, 1971) methods. Evolutionary distances were calculated with the Kimura two-parameter model (Kimura, 1980) and the robustness of the tree topologies was evaluated by a bootstrap analysis (Hillis & Bull, 1993) T clustered within a highly supported clade containing all known species of the genus Neptunomonas, with N. naphthovorans as its closest phylogenetic relative in a highly supported subclade (Fig. 1) . Thus, N. naphthovorans CIP 106451
T was used as reference strain for comparative phenotypic, chemotaxonomic and DNA-DNA hybridization studies.
Strain SYM1
T was Gram-stain-negative, and positive for oxidase and catalase, characteristics that are common to all recognized species of the genus Neptunomonas. It was negative for nitrate reduction and indole production. Strain SYM1
T was able to grow in the presence of up to 8 % (w/v) NaCl and was unable to hydrolyse efficiently gelatin, casein, aesculin, starch or Tween 20. Other cultural, physiological and biochemical characteristics of the strain are given in the species description. Table 1 T , has a similar fatty acid profile and profile of major fatty acids although the proportion of these components was slightly different ( Table 2 ). The only respiratory quinone of 
Q-8 (100 %) Q-8 (99 %), Q-9 (1 %) Q-8 (100 %) strain SYM1 T was ubiquinone-8 (Q-8), which is also the major quinone found in all other members of the genus Neptunomonas (Miyazaki et al., 2008; Zhang et al., 2010; Lee et al., 2012; Liu et al., 2013; Yang et al., 2014) . Apart from Q-8 (99 %) N. naphthovorans CIP 106451
T has a minor amount of Q-9 (1 %) (Miyazaki et al., 2008) .
The DNA G+C content of strain SYM1
T was 45 mol%, a value within the range 41-48 mol% reported for other species of the genus Neptunomonas (Yang et al., 2014) . DNA-DNA relatedness between strain SYM1
T and its closest phylogenetic relative, N. naphthovorans CIP 106451 T , was 24±3 % (mean±SD of 3 replicates). This value is below the threshold of 70 % DNA-DNA similarity generally accepted for species delineation (Wayne et al., 1987) , thus confirming that strain SYM1
T represents a distinct genomic species.
Therefore, based on the phenotypic, chemotaxonomic, DNA-DNA relatedness and phylogenetic data presented, strain SYM1 T represents a novel species of the genus Neptunomonas clearly distinct from its closest phylogenetic relative N. naphthovorans CIP 106451 T , for which the name Neptunomonas phycophila sp. nov. is proposed.
Description of Neptunomonas phycophila sp. nov.
Neptunomonas phycophila (phy.co9phi.la. Gr. n. phykos algae; Gr. adj. philos loving; N.L. fem. adj. phycophila algae-loving, referring to its association with Symbiodinium algae).
Cells are Gram-stain-negative, facultatively anaerobic, oxidase-and catalase-positive, motile rods. Colonies on MA are white, small, circular, convex and smooth after 2-3 days of incubation at 30 u C. The growth temperature range is 4-40 u C, with an optimum at 30 u C. Growth occurs at pH 5-11 with an optimum at pH 8.0, and in the presence of 0.5-8 % (w/v) NaCl with an optimum of 2 % (w/v). Nitrate is not reduced to nitrite. Negative for indole production. Aesculin, gelatin, starch, casein and Tween 20 are not hydrolysed. When assayed with API ZYM strips, positive for alkaline phosphatase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and leucine arylamidase, weakly positive for valine arylamidase but negative for esterase (C4), esterase lipase (C8), lipase (C14), cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, 
